Abstract-In this paper, we evaluated two well-known QRS algorithms: Pan & Tompkins (PT) and based wavelet transform (WT) on an ECG stress test database. In the absence of an annotated ECG stress test database, the first stage of this work consisted of the database annotation, using RR-time series obtained from an eight leads stress database (DICARDIA). First, the system proposes to users a lead (reference channel) according to its statistical measures. Then the user realizes a visual inspection aimed at validating or denying the channel proposed by the system. As the series contains few artifacts, the annotation is performed using interval of annotations. Preliminary results realized over 31928 beats provide a sensibility of 99.81% and 98.28% respectively for PT and WT. The procedure developed in this work can be seen as a valuable starting point in semiautomatic annotation of large electrocardiographic databases, as well to evaluate and to improve stress ECG delineations.
I. INTRODUCTION
A stress test is an non-invasive electrocardiographic study aimed at measuring the progressive effect of exercise over the heart. This study is based on the increase of the organism oxygen and glucose needs during physical exercise, and the consequent heart beating capacity raise. Then, it is possible to discover non-evident cardiac problems, that might be hidden at rest, while the electrocardiogram (ECG) is monitored as the heart is subjected to an extra effort.
Stress test electrocardiographic records usually comprise an important amount of noise, normally caused by patient movement that impedes to obtain a noise free ECG records. Additionally, ectopic beats and other artifacts may occur in healthy subjects as well as in those exhibiting cardiac conditions or pathologies. Therefore, RR-series analysis is commonly seen as a very difficult task which is exacerbated by instrumentation errors and misleading electrode locations added to possible problems presented in the selected QRS detection technique or algorithm.
Currently, there are several algorithms and developed methods aimed at ECG signals detection and categorizing, starting from that proposed by Pan & Tompkins (PT) [1] , continuing with wavelets based algorithms [2] and evolutional algorithms [3] among many others. There are also, many studies aimed at the optimization of these detectors parameters.
Moreover, it is possible to find many databases comprising different annotations and morphologies, there are no, however, validations nor annotations for ECG stress test databases [4] , mainly, due to the lack of an annotated database that could be used for algorithms assessment. Validations under stress conditions have been realized mostly using the Noise Stress Test Database [5] , however, despite presenting some noise diversity, it does not represent a significant source of cardiac frequency changes and typical non-linearity found in stress tests.
This work proposes to evaluate two QRS detectors performance (PT and WT) for electrocardiographic stress signals. We first performed a semiautomatic annotation of a stress ECG using the DICARDIA database [6] . This semiautomatic method is based characterizing RR-series [7] , [8] . QRS complexes annotations are realized starting from a RR-series considered as reference.
The remainder of this paper is organized as follows: we present the annotation system using RR-time series obtained from DICARDIA. The detection algorithms and the validation process are given in section II-B. Results are presented and discussed in section III. Finally, the conclusions are presented.
II. MATERIALS AND METHODS

A. Dicardia Database Annotation
DICARDIA database was registered at the Universitary Hospital of Caracas (Hospital Universitario de Caracas). This database comprises 65 clinic data and the ECG records of 65 subjects: 54 diabetic ones and 11 not exhibiting a diabetic condition or a cardiovascular disease. DICARDIA is a multiparameter database that also includes demographic and clinical information, clinical laboratory parameters and a stress test evaluation performed by expert cardiologists. Subjects were submitted to a stress test following the Bruce protocol, preceded by 3 minutes of warming up work [8] . ECG records were acquired using a sampling frequency of 500 Hz, 12 bits of resolution and a dynamic range of ±5 mV . These signals are available at the GBBAnet portal [9] .
The semiautomatic annotation process comprises four stages (figure 1):
1) RR-time series: QRS peaks detection is performed by means of the Pan & Tompkins detector [1] , available at the GBBAnet website [9] . Thus, 8 RR-series were obtained from the ECG signals from the 65 subjects.
2) RR-time classification:
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The method proposed by Armijos [7] and Astudillo et al. [6] consists of subdividing each RR-time stress test series in a set of windows (N W ) for which the mean and standard deviation are computed. The threshold for the standard deviation (SDT ) is defined as a percentage of the mean. Classification is performed based on the percentage of the Number of Windows (%N W ) with standard deviation greater than the thresholds T 1 , T 2 and T 3 . Each lead is classified as: Very good lead or reference lead when %N W < T 1 %, Good lead when %N W < T 2 %, Low quality lead when %N W < T 3 %, and Useless lead when %N W ≥ T 3 %.
3) Annotation:
This system proposes the use of one or more reference channels or leads to be available to the annotator, who selects a given lead. Having a reference RR sequence exhibiting a low number of artifacts facilitates and accelerates the series user review. The annotator can check some random points or focus on series points displaying discontinuities, which can be later categorized into artifacts, ectopic beats or detection misses. Later, the user may locate the cursor over the RR-series and capture an interest interval for which a beat to beat manual annotation is allowed. Annotations outside the interest interval can be completed using automatic QRS detections described in the previous item.
4) Annotation report:
Finally, an annotation file is generated under the physionet toolkit standard format [4] . This files contains information related to the ECG signal evaluation. File structure is forme by two main parts: R wave instants detection and, heartbeats annotation; there are three heartbeats annotation codes: Normal (N), Ectopic (PVC -Premature Ventricular Contraction), Others (O). 
B. Algorithms Description and Validation
1) Pan & Tompkins:
This is a classic QRS detection algorithm which is based on taking the square of the derivative of the ECG signal to produce a function on which maximums can be found through setting different threshold values and heuristic rules. This is a very simple algorithm to implement real time applications. The algorithm used for this work has been developed by [9] and it is available at http://gbbanet.labc.usb.ve/.
2) Wavelets: Wavelet transform analysis decomposes a signal in different frequency scales. Initially proposed in [10] , the algorithm decomposes the ECG signal in different scales such that, local extreme and zero crossing values for a given resolution level can be used to locate interest points of the ECG. Local extreme values correspond to the highest slopes found in the signal. Normally, the R wave is found in the first scale, since is the highest energy wave. The algorithm used for this work was developed by Martinez [2] and it is available within the physionet toolkit [4] .
3) Validation: For validation of QRS detection, we used the 15 Dicardia records. To assess the QRS detector we calculated the sensitivity and positive predictability where TP is the number of true positive detections. An automatic detection was considered to be a TP if it was within 150 ms of a reference annotation. FN stands for the number of false negative detections, and FP stands for the number of false positive misdetections.
III. RESULTS
The semiatuomatic annotation system has been developed by considering the following parameters: Number of Windows (NW = 20), standard deviation (SDT = 14) and values T 1 , T 2 and T 3 correspond to 30%, 40% and 50% respectively. Figure 2 shows the system interface, notice that in the part that corresponds to the annotation (on the right side) the system suggests the reference channels.
The upper part of the interface shows the RR-series. Sequences annotated as 1 correspond to the reference signals proposed by the system. On the right side, the user may select and manually validate such reference signals. At this point, it is important to consider the amount of observed of noise and artifacts found in each channel. Reference channel(s) selection is a purely visual process.
The lower part of th interface shows the ECG signal and the QRS detections found on it, such that, they can be corrected by the annotator. As shown in Figure 2 , there are missing detection that must be corrected by the annotator user. Table I shows the results obtained for ECG1712 record (Figure 2 ). The automatic classification method proposed by Astudillo et al. [6] , determined that RR-sequences C 2 , C 4 , C 6 , C 7 , and C 8 should be the reference channels (Very Good Lead). Channel C 1 is characterized as Useless lead and channels C 3 and C 5 as Low quality lead. Channel C 8 was validated as the best one such that, annotations were made for the interest intervals of the RR-sequence (C 8 ). As shown in Table I , detectors performed better on the reference channel (C8) and a lower performance for channel C 1 , categorized as a Useless lead. Additionally, it can be observed that for this particular example, the WT detector works better than PT except for channel C 1 . In total, 15 ECG stress record from the DICARDIA database have been annotated. For every case, the reference signals used were those characterized as a Very good lead, such that they exhibit low noise. Semiautomatic annotation was realized over intervals of the RR-series presenting artifacts. These annotations represent 31928 beats considering the annotated channel only and 255432 for eight leads.
Both QRS detectors were compared over the reference channels, that means, considering only one lead by record and also, over every lead, semiautomatic annotations obtained for a particular channel. The detection performance on annotated DICARDIA records obtained by the two QRS detectors are given in Table II for only the reference lead and for all records in Table III. 
IV. DISCUSSION
Both detectors, PT and WT report sensitivity values and P + above 99% for the MITDB database [4] ; which comprises approximately 110000 annotated heartbeats. Results observed in this work show a lower performance for the WT detector. The lower performance can be related to the lack of a preprocessing stage in the algorithm, which could be necessary following an ECG stress signal input and the cardiac frequency variations that occur during the test. Figure 3 shows an ECG trace at a cardiac frequency above 140 heartbeats per minute, exhibiting an important amount of low and high frequency noise, moreover, it shows the differences found among the manual annotator and both algorithms annotations.
Results for the 8 leads of the 15 annotated signals report as expected, a lower performance since it is assumed that all heartbeats are present in every lead, however, this is not The upper part of the graph displays an ECG trace for which annotations were added and that allows to see that the R wave is negative. Both detectors present non-detection (FN) cases, however, despite the amount of noise present in the signal, even an expert will face a hard annotation task (channels 1 and 2). In the lead 4 and 5 (channels 4 and 5), the R wave is positive and exhibits lower amplitude.
V. CONCLUSIONS AND FUTURE WORK
Two well known and widely used QRS detectors were evaluated over an ECG stress test database annotated by means of a semiautomatic annotation method. Most signals can be considered as signals exhibiting few artifacts, however, being good representations of a stress test where important cardiac frequency variations are present along with different types of noise caused by patient movement.
This annotation method has allowed to quickly validate a considerable amount of heartbeats (31928). The used database is still under validation, such that, annotations can be completed, however, given the presence of several morphologies, this task will require the cooperation of cardiology experts.
Another perspective derived from this work is to implement the annotation system by means of using the WT detector as the base, since the fact that the PT algorithm is used as a reference to annotate the database and it could bias the performance results of this method. This could be true for the detector delay time measurement, thus, this parameter has not been considered for this study. Nonetheless, it is important to redo all annotations using the WT detector, to validate them and to compare again the performance of both algorithms as well as is delay time.
The methodology developed in this work becomes a valuable starting point in order to semiautomatically annotate large ECG stress test databases such as DICARDIA, in order to evaluate and improve ECG stress delineators.
